A brief description of an approach to the mechanical analysis of elastic materials containing a surface nanorelief that arises on a free planar surface and on a free surface of a circular cylindrical hole is presented. Based on Gurtin-Murdoch's continuum theory of the surface elasticity and boundary perturbation technique, selected numerical results are given for the both types of the periodic nanorelief in the framework of the 2D problem.
INTRODUCTION
The surface layer of a solid deformable under loading has particular physical and mechanical properties, which differ from the corresponding properties of the bulk. Many defects such as vacancies, interstitial atoms, dislocations, disclinations, crystal twins, nanoclusters, microcracks, etc. are located at the surface and subsurface of a real material and influence properties of the surface layer, adjoining parts of material or a body on the whole [1] . Special features of the surface layer behavior in a stressed material, as an independent hierarchically organized structure of deformation, particularly appear in that an initially smooth surface becomes rough under a number of natural phenomena: heat, light, short-wavelength electromagnetic radiation, radioactive emissions, chemicals, mechanical stress, etc. [2] [3] [4] . Surface asperities can have a size from one to several tens of nanometers. Surface asperities formed under mechanical loading with lateral sizes of about a hundred nanometers and vertical sizes of about ten nanometers, which arise on the mechanically (Fig. 1a) and/or chemically (Fig. 1b) polished Si(111) and Ge(111) surfaces of plates made from cylindrical monocrystal products, were addressed by Betechtin et al. [5] . The same formations of wavy surface roughness in heteroepitaxial films were observed by Ozkan et al. [6] . Various examples of nanostructured surfaces and surface effects are described by Rosei [7] .
(a) (b) Stress fields in the vicinity of nanosized structures can appreciably depend on the surface strain energy and surface stresses, which was first proposed by Gibbs [8] . As a result, physical properties of the material depend on its size or the size of nanostructures in the nanometer range of variation. This dependence was confirmed when studying properties of thin films, nanowires, nanoparticles, nanobeams, nanotubes, nanoplates, and nanoshells as well as heterogeneous materials containing nanosized inhomogeneities (see, for example, [9] [10] [11] [12] [13] [14] [15] [16] ). Based on the Gibbs concept, Gurtin and Murdoch elaborated the mathematical framework that incorporates the surface stress into continuum mechanics [17, 18] . Basically, the continuum surface stress model assumes that a nanostructure is made of the bulk and some surfaces with the surface module of the nanostructure being different from those of the bulk. Within the simplified Gurtin and Murdoch model of the surface/interface elasticity, a number of classical problems related to elastic phenomena on the nanoscale were studied analytically, and some size effects were found for relevant nanoscale materials (e.g., [12] [13] [14] [15] [16] [19] [20] [21] [22] [23] [24] [25] [26] [27] ).
In this work, we present a brief description of an approach to the mechanical analysis of elastic materials containing a surface nanorelief that arises on the free planar surface (the first problem) and on the free surface of a circular plain bore (the second problem). For this purpose, we use Gurtin-Murdoch's theory [17, 18] , generalized Young-Laplace boundary equations [10] , the inseparability condition of the surface and the bulk, and the boundary perturbation technique assuming that the deviation from the initial surface is small enough. Some numerical results are given for both types of the periodic nanorelief in the framework of the 2D problem of elasticity.
PROBLEM FORMULATION AND SOLUTION
Supposing that the plane strain conditions are satisfied, the basic governing equations can be written as
We suppose also that the uniform stress state ( , 1, 2) ij i j ∞ σ = is realized far from the surface.
Equation (1) is the generalized Young-Laplace equation at the boundary Γ, Eq. (2) is the simplified constitutive equations of Gurtin-Murdoch's surface elasticity, Eq. (3) is Hook's law for the bulk, and Eq. (4) is the inseparability condition of the surface and the bulk (see [20, 21, [25] [26] [27] ). In Eqs. (1)-(4), 1 2 = z x ix + is the complex variable, n and t are the local Cartesian coordinates (in Eq. (1) the axis n is normal to the boundary Γ), τ is the surface stress, ij σ is the stress tensor component, s ij ε and ij ε are the components of the surface and bulk strain tensors, respectively, K is the curvature, H is the metric coefficient, , λ µ ( s s , λ µ ) are Lame constants of the bulk (surface), and 0 γ is the residual surface stress (surface tension).
The most effective tool of finding the unknown surface stress τ and solving the corresponding boundary value problem is Muskhelishvili's technique [28] based on the relation of the stress vector = nn nt i σ σ + σ to GoursatKolosov's complex potentials Φ, Ψ holomorphic in the considering region Ω with the boundary Γ:
where α is the angle between axes t and 1 x , a bar over a symbol denotes the complex conjugation, and a prime denotes the derivative with respect to the argument. If the suface nanorelief has a small deviation from the initial surface, then one can solve the corresponding problem by the boundary perturbation technique as in the previous works [24] [25] [26] [27] . In this case, each function of the problem is represented as a power series in the small parameter 1, A a ε = < where A is the amplitude of the deviation and a is the tipical linear parameter of the suface. Therefore, we seek for the surface stress τ in the form: 
and the solution of the second type of the problem leads to the similar equation
Here, s s ae = (
2 ) 2 , = ( 3 ) ( ), M λ + µ µ λ + µ λ + µ functions , n n F G depend on the entire previous solution. In the zero-order approximation, Eq. (7) coresponds to the problem on the semi-infinite body with a planar surface, and Eq. (8) corresponds to the infinite body with the circular plain bore. It is worth noting that one can analytically solve both equations for any k if the functions 1 2 , f f are periodic. In the next section, we present the selected numerical reults obtaind in the first-order approximation with ε = 0.1 for the case of periodic functions 1 2 , . f f .
NUMERICAL RESULTS
We use the elastic parameters of the previously determined surface 0 x axis are plotted in Fig. 2b . The results presented in Fig. 2b were obtained by solving Eq. (7) in terms of the Fourier series (see [26] ). The stress fields around plain nanobores are studied for the surface relief described by the function 
